INTRODUCTION
Malignant melanoma is 1 of the few cancers currently increasing in incidence. There were approximately 74,000 new cases of melanoma in the United States in 2015, increasing to >90,000 cases in 2018. 1, 2 The majority of melanomas are cutaneous, with risk factors that include ionizing ultraviolet radiation and genetic factors. 3 By incidence, the most common presentation of cutaneous melanomas is at an early stage (stages I and II), defined within the American Joint Cancer (AJCC) classification by modern surgical staging as lacking lymph node involvement. High-risk cancers are usually considered those that are ulcerated, involve lymph nodes, demonstrate microsatellitosis, or in-transit disease (stage III).
Although sometimes described to be "low-risk," patients with stage IIA through IIC melanoma carry a melanoma-specific mortality rate of 12% to 25% over the course of 10 years. 4 Epidemiologic studies of melanoma incidence in the United States and Europe suggest that there is a substantial population of these at-risk patients. A US Surveillance, Epidemiology, and End Results (SEER) database review of melanoma cases from 2011 through 2015 identified approximately 11% of patients with stage II disease. 5 This may be a modest underestimation of the true stage II incidence because SEER data do not contain staging data for approximately 9% of cases. European data sets suggest that a range from 10% to 20% of all new cases present as stage II, smaller fractions present with stage III or IV disease, and the majority of new cases present as stage I, 6 ,7 similar to US data ( Fig. 1) . [5] [6] [7] The AJCC has modified the melanoma staging system over time to account for a better understanding of histologic prognostic factors. Many early adjuvant melanoma trials and epidemiologic data incorporate AJCC version 6 (AJCCv6), whereas more modern melanoma adjuvant trials have used AJCC version 7 (AJCCv7). Currently, AJCC version 8 (AJCCv8) is used for staging and prognosis, with refinement of highest risk and lowest risk subgroups. Over the period that these staging systems have changed, however, definitions for stage II melanoma have remained constant ( Fig. 1 ). It is possible to estimate the number of patients with thick and/or ulcerated, lymph node-negative, melanoma (stages IIB and IIC) who remain at high risk of melanoma relapse and may benefit from adjuvant therapy (Fig. 2) . Approximately one-half of patients with stage II melanoma will have stage IIB or IIC disease and are at the highest risk of recurrence. 5 Cancer March 15, 2020 This roughly equates to the number of patients who present with stage III melanoma, for which adjuvant therapy is the standard of care. 5 In addition to the well documented increase in melanoma incidence, another emerging pattern surrounds increased understanding of the contribution to overall melanoma mortality coming from earlier stage tumors (stages I-IIA). In fact, thin melanomas (<2 mm) accounted for over twice as many deaths from melanoma than thick melanomas (>4 mm) in the Queensland Cancer Registry from 1990 through 2009 8 because of the large incidence of thin melanoma. Similar findings have been reported in the US SEER database. 9 Simply stated, although the risk of death for an individual patient with a thin melanoma is substantially less than that for a patient with a thick melanoma, there are many more cases of thin melanomas and thus the absolute number of deaths is substantially higher in the population with thin melanomas. It is apparent then that a significant and ongoing unmet need exists for patients with earlier stage melanoma.
Prior barriers to the development of adjuvant therapies for earlier stage melanoma have been the marginal effectiveness of adjuvant therapy with interferon-α2b (IFN) and the substantial associated toxicity of that interferon and other treatments, such as the anti-CTLA4 antibody ipilimumab. In addition, the relatively lower incidence of disease progression in earlier stage disease relative to stage III disease required a level of efficacy historically deemed unreachable for systemic agents. 9 This toxicity-to-benefit ratio is no longer as significant a barrier with the advent of antiprogrammed death 1 (anti-PD1) receptor antibodies as well as targeted therapies for patients with tumors harboring BRAF V600E/V600K mutations.
Surgical resection with appropriate margins and consideration of sentinel lymph node biopsy remains the standard of care of treatment for primary melanoma. After surgical removal of melanoma, some patients remain Cancer March 15, 2020 at risk of relapse; then, the goal of adjuvant systemic therapy is to minimize that risk. Interferon has been an approved therapy for high-risk melanoma since the 1990s, although the benefits of adjuvant IFN therapy even in stage III melanoma were hotly debated, and this therapy was not shown to be useful in patients with earlier stage disease. 10 With the development of checkpoint antibodies and BRAF-targeted therapy, IFN no longer has a clear role in the management of melanoma.
Ipilimumab has been associated with long-term survival in approximately 21% of treated patients who have advanced melanoma. 11 In 2015, with the reporting of European Organization for Research and Treatment of Cancer (EORTC) trial 18071 (EORTC-18071), 3 years of adjuvant high-dose ipilimumab at 10 mg/kg was shown to reduce the likelihood of relapse by 24% in the adjuvant management of high-risk stage III melanoma compared with placebo. 12 However, this benefit came at somewhat of a cost, in that the Common Terminology for the Characterization of Adverse Events (CTCAE) grade 3 and 4 adverse event (AE) rate was 54.1%, including a treatment-related mortality rate of 1% for patients who received adjuvant ipilimumab therapy (deaths from colitis, myocarditis, and Guillain-Barre syndrome). Despite a survival advantage to the therapy, the toxicity of ipilimumab limited its application to high-risk patients, and it was not deemed reasonable to test its utility for individuals with a lower risk for melanoma relapse. Currently, the use of adjuvant highdose ipilimumab has also fallen out of favor, replaced by anti-PD1-dorected or BRAF-directed therapies.
ROLE OF ANTI-PD1 THERAPY IN MELANOMA
Anti-PD1 antibodies have been confirmed to improve survival outcomes in the metastatic setting and are now considered a default standard of care for melanoma. These agents, nivolumab and pembrolizumab, demonstrate response rates consistently in the 30% to 40% range, depending on the line of therapy, with a highgrade (CTCAE grade 3 and 4) AE rate of 10% to 15% across many studies. 13 It has also been confirmed that the durability of benefit from anti-PD1 therapy persists over the course of years, even after therapy has stopped. In the phase 3 KEYNOTE-006 study ( 14 834 patients with ipilimumab-naïve, advanced melanoma were randomized at a 1:1:1 ratio to receive either 1 of 2 dosing schedules of pembrolizumab (10 mg/kg) every 2 weeks or every 3 weeks for up to 2 years or 4 doses of ipilimumab (3 mg/kg) every 3 weeks. The 4-year OS rate was 42% for patients in the pooled pembrolizumab arms (n = 556). 15 The objective response rate to pembrolizumab was 42%, and 62% of these responding patients had a response lasting ≥42 months. Of 556 patients, 103 (19%) completed the protocolspecified 2-year pembrolizumab therapy. The median follow-up was 20.3 months after pembrolizumab completion; 89 patients (86%) did not progress, and only 14 patients had progressive disease. These findings confirm the outstanding durability of antitumor activity for most patients who respond to anti-PD1 therapy, even during extended periods without ongoing therapy after a finite dosing period.
In consideration of moving immunotherapy from the metastatic setting to the adjuvant setting, a relevant observation has been the correlation of baseline tumor burden with response to therapy and long-term outcomes. 16 In general, lower melanoma metastatic tumor burdens are associated with improved responses to therapy. In addition, there are several clinical, molecular, and pathologic markers associated with benefit and resistance to anti-PD1 that have been described in the literature, including programmed death ligand-1 (PD-L1) staining in tumor cells, 17 IFN-γ-related mRNA profile, 18 tumor mutational burden, and the T-cell-inflamed tumor microenvironment gene expression signatures. 19 Initially, it was unclear whether larger or macroscopic tumors with an immune-suppressive microenvironment were required for the PD-1/PDL-1 pathway to be engaged and antitumor benefit to be seen with anti-PD1 therapy. Some preclinical models suggested that neoadjuvant therapy with clinically detectable volumes of disease would be required to induce long-term disease control. 20 These preclinical concerns surrounding an overt tumor microenvironment being a requirement for anti-PD1 activity have been settled in melanoma, however, with the reporting of multiple international adjuvant therapy clinical trials of completely resected stage IIIB and IIIC (AJCCv7) and stage IV disease (Table 1) . [21] [22] [23] [24] [25] In the CheckMate 238 study (Efficacy Study of Nivolumab Compared to Ipilimumab in Prevention of Recurrence of Melanoma After Complete Resection of Stage IIIB/IIIC or Stage IV Melanoma) of stage III and IV melanoma (stages IIIB and IIIC, resected stage IV; AJCCv7), nivolumab demonstrated superiority to ipilimumab in terms of both relapse-free survival (RFS) and toxicity profile. Similarly, in the KEYNOTE-054 study (Study of Pembrolizumab [MK-3475] Versus Placebo After Complete Resection of High-Risk Stage III Melanoma, pembrolizumab demonstrated superiority to placebo in patients with completely resected stage III melanoma (stages IIIA, IIIB, and IIIC; AJCCv7). 21 Nivolumab and pembrolizumab are both approved by the US Food and Drug Administration for the treatment of resected stage III melanoma and are considered standards of care for stage III disease.
THE ROLE OF TARGETED THERAPY IN BRAF-MUTANT MELANOMA
Targeted therapy has also been validated as an adjuvant approach for patients with melanoma. Approximately 40% to 50% of patients with cutaneous melanoma will harbor a somatic activating BRAF mutation, usually V600E or V600K. For this subset of patients, there are several US Food and Drug Administration-approved Cancer March 15, 2020 therapy options in the metastatic setting. Combination therapy with a BRAF inhibitor plus an MEK inhibitor is preferred over BRAF-inhibitor or MEK-inhibitor monotherapy because of factors relating to efficacy and toxicity.
In patients with advanced disease, combination therapies with dabrafenib plus trametinib, vemurafenib plus cobimetinib, and encorafenib plus binimetinib are all considered standards of care, with response rates ranging from 60% to 70% and a median progression-free survival ranging from 11 to 15 months. [26] [27] [28] To date, none of these combination regimens have been directly compared with one another to evaluate for superiority. Although resistance and progression develop in the majority of patients who receive BRAF-MEK therapy, some patients experience long-term disease control. As is the case with anti-PD1 therapy, prolonged survival and improved responses to BRAF and MEK inhibitors have been demonstrated in patients with a smaller metastatic disease burden. [29] [30] [31] In a landmark analysis of the COMBI-D trial ( 30 A pooled analysis of phase 3 trials found that normal lactate dehydrogenase levels, <3 metastatic organ sites, and a sum of lesion dimensions <66 mm identified the best prognostic group of those receiving combination therapy, with a 3-year progression-free survival rate of 42%, suggesting durable disease control without immunotherapy for some patients with low tumor burdens. 31 The combination of dabrafenib and trametinib has also been evaluated as adjuvant therapy in the COMBI-AD trial ( 24 and, at a median follow-up of 44 months (dabrafenib plus trametinib) and 42 months (placebo), the 4-year RFS rates were 54% (95% CI, 49%-59%) in the dabrafenib plus trametinib arm and 38% (95% CI, 34%-44%) in the placebo arm, respectively (hazard ratio [HR], 0.49; 95% CI, 0.40-0.59).
The estimated cure rate was 54% (95% CI, 49%-59%) in the dabrafenib plus trametinib arm compared with 37% (95% CI, 32%-42%) in the placebo arm. This confirmation of long-term benefit from adjuvant, targeted therapy demonstrates a utility for patients with BRAF V600 mutations approximately similar to that of anti-PD1 therapy.
CHOICE OF ADJUVANT THERAPY-SAFETY CONSIDERATIONS
Therapy with PD1 inhibitors, regardless of BRAF mutation status, and with BRAF/MEK inhibitors for BRAF V600-mutant tumors are both acceptable options for patients who have high-risk melanoma in surgical remission. These adjuvant therapy regimens have not been directly compared with each other; therefore, it is left to providers to compare the safety, side-effect profiles, and preferences of individual patients when considering the treatment approach. For instance, BRAF/ MEK inhibitors commonly are associated with constitutional symptoms, including fever, chills, fatigue, headache, rash, arthralgias, myalgias, nausea, vomiting, and diarrhea. Dose adjustments are common. In the COMBI-AD trial, 26% of patients had AEs leading to permanent discontinuation of a trial drug, 38% had AEs leading to a dose reduction, and 66% had AEs leading to a dose interruption. Serious AEs occurred in 36% of patients in the combination-therapy group and in 10% of those in the placebo group. These data suggest that, although it is generally tolerable for many patients, most patients will have some degree of symptomatic toxicity, leading to at least 1 dose interruption, and greater than one-third will develop serious toxicity. Fortunately, for most patients, once drug therapy is interrupted, toxicities abate in a relatively short time. It is clear, however, that patients should expect to experience side effects during the year of prescribed adjuvant therapy. In addition, these agents are considered to carry some risk of additional malignancies, usually cutaneous, although various noncutaneous malignancies have been reported in isolation as potentially related 32 to BRAF/MEK inhibitor therapy. The incidence of cutaneous squamous cell carcinoma is 3% with combination therapy.
The toxicity of anti-PD1 therapy compares favorably to many agents used within the spectrum of medical oncology, including in the adjuvant setting. Anti-PD1 antibodies are associated with grade 3 and 4 immunerelated AEs, ranging from 10% to 15%, including from adjuvant therapy trials (Table 1 ). As part of the Cancer March 15, 2020 KEYNOTE-054 trial, a health-related quality-of-life substudy investigated 1 year of adjuvant pembrolizumab and found that it maintained health-related quality of life compared with placebo, as defined by the 30-item EORTC Quality-of-Life Core Questionnaire. 33 Despite the general safety, however, serious toxicities will develop for a subset of patients. Some of these toxicities are permanent, and others may be severe and/or life-threatening. In addition to the more commonly encountered grade 3 and 4 toxicities, such as colitis, rash, pneumonitis, and hepatitis, endocrinopathies resulting from anti-PD1 therapy are important to consider. In CheckMate-238, adrenal dysfunction, diabetes, pituitary dysfunction, and thyroid dysfunction were all reported, with 102 of 452 patients (22.5%) developing an endocrine-related AE. 34 Of these events, 1.5% of patients developed grade 3 or 4 endocrine-related AEs. It is important to note that CTCAE version 5 grading requires medical intervention for grade 2 endocrinopathies and hospitalization for grade 3 endocrinopathies. Most endocrinopathies, permanent or not, can be identified and managed in the outpatient setting, leading to toxicity graded as CTCAE grade 1 or 2. We also note that 43% of the endocrine-related AEs identified during CheckMate-238 did not resolve during study follow-up. Although some endocrinopathies. such as hypothyroidism. are straightforward to manage, lifelong medical therapy may be needed, and other toxicities, such as adrenal insufficiency or hypogonadism, may have significant lifelong clinical impacts. Consideration of the potential permanence of an endocrinopathy moves into a different risk/benefit strata as we consider the treatment of patients with earlier stage disease, many of whom already may have been cured by surgery.
Melanoma is 1 of the most common cancers in young adults, and many patients with early stage melanoma will be diagnosed during their child-bearing years, with some even diagnosed during adolescence. In general, therapies administered in the field of medical oncology are considered harmful to fetal development, and patients are strongly advised to avoid pregnancy during and for several months after completion of chemotherapy. Anti-PD1 therapy and BRAF/ MEK-inhibitor therapy are different classes of agents than traditional cytotoxic therapy, and their short-term and long-term effects on reproductive fitness are less understood. The relatively uncommon but well described development of pituitary dysfunction from anti-PD1 may lead to significant difficulties with reproductive fitness in some patients. The pituitary is a source of luteinizing hormone, follicle-stimulating hormone, growth hormone, and oxytocin, and it undergoes significant physiologic changes as part of fetal support during pregnancy. 35 Inability for normal responses to pregnancy may affect a woman's ability to conceive or to successfully carry a pregnancy to term. In addition, men who develop hypogonadism and low testosterone also face challenges with reproductive fitness, as exogenous testosterone inhibits spermatogenesis. 36 It is speculated that PD1 plays a role in the maintenance of pregnancy, 37, 38 and single-nucleotide sequence variants of the PD1 gene have been identified in women with recurrent pregnancy loss. 39 Long-term fertility studies after therapy are lacking because of the brief duration of clinical use of these agents. Vemurafenib has been reported to lead to intrauterine growth retardation when administered during pregnancy, 40 which may be related to the central role that the mitogen-activated protein kinase pathway plays in trophoblast proliferation. Long-term effects from targeted therapy on ovarian and testicular function are not yet known and should be the subject of investigation because these agents continue to advance in their use in the curative intent setting.
RISK STRATIFICATION
Estimating risk of melanoma recurrence has long been established by histopathologic findings of the tumor at the time of tumor surgery. These factors include the depth of invasion and lymph node status, the presence or absence of ulceration, the mitotic index, the presence of tumor-infiltrating lymphocytes, tumor regression, perineural or angiolymphatic invasion, and microsatellitosis. Moving beyond histopathologic and clinical criteria for risk stratification, molecular analyses appear to be promising for augmenting and refining individualized risk prediction for patients with melanoma. The DecisionDx-Melanoma assay (Castle Biosciences, Inc), a gene expression profile (GEP), is 1 such technique that is increasing in clinical use in the United States, with over 10,000 cases analyzed annually. The GEP evaluates expression of 31 genes from formalin-fixed, paraffin-embedded tissue and determines the risk of metastatic disease in a patient with cutaneous melanoma. The test classifies patients as having a tumor with a low (class 1) or high (class 2) risk for developing metastasis within 5 years of diagnosis. The test further subclassifies patients into class 1a (low-risk disease, high confidence), class 1b (low-risk disease, low confidence), class 2a (high-risk disease, low confidence), and class 2b (high-risk disease, high confidence). Multiple cohort studies have evaluated the prognostic capabilities of Cancer March 15, 2020 early stage melanoma. In a recent analysis by Gastman, et al, 41 the GEP was evaluated in 690 patients across 18 institutions, of whom 259 were sentinel lymph node (SLN)-negative. Patients with SLN-negative/class 2b disease had significantly worse RFS, distant metastasisfree survival, and melanoma-specific survival rates than those with SLN-negative/class 1a disease (P < .01 for all comparisons). A class 2b result identified 71.3%, 70.4%, and 78.6% of recurrences, metastases, and melanoma-specific mortality events, respectively.
Additional molecular profiles have been described in the literature that may also help inform prognosis once larger data sets are reported. The Melanoma Immune Profile (MIP) uses the NanoString nCounter transcriptomic profiling platform (NanoString Technologies) to measure the expression of 53 target genes. 42 In an independent cohort of 78 patients, the MIP significantly distinguished patients with distant metastatic recurrence, along with melanoma-specific survival and OS, using receiver operating characteristic curve analysis (P < .05 for all comparisons). A favorable MIP was correlated with a low risk of death from melanoma, with none of 22 patients in the low-risk group dying of melanoma and 20 of 56 (36%) patients in the high-risk group dying of melanoma.
These molecular profiles are not yet performed as part of standard entry or stratification criteria into clinical trials, although, with additional prospective data confirming reported their utility, the field may move to formally include these or other assays as part of stratification or selection in clinical trials. The use of molecular profiling to guide decision making for patients with cancer is not unique to melanoma. 43 GEP testing for patients with breast cancer (Oncotype [Genomic Health Inc], MammaPrint [Agendia Inc]) is already well established and validated as an essential component to women with early stage breast cancer and defines treatment strategies, 44 including the decision whether to offer adjuvant chemotherapy.
In addition to genetic analysis for molecular risk stratification of melanoma, other techniques in development may help identify patients at greatest risk of relapse. Circulating tumor DNA (ctDNA) is emerging as a prognostic marker in stage IV melanoma 45 and is now under investigation for patients with stage II and III melanoma. 46 As part of the AVAST-M adjuvant trial (Adjuvant Bevacizumab in Patients with Melanoma at High Risk of Recurrence), which evaluated 1 year of bevacizumab versus observation in patients with stage IIB, IIC, and III (AJCCv6 and AJCCv7) cutaneous melanoma, a subgroup of 161 randomly selected patients from both arms of the study with known BRAF or NRAS mutations had ctDNA analyzed within 12 weeks after surgical clearance of their disease (median, 8.3 weeks; range, 2.4-12 weeks). There was no difference in OS between the bevacizumab and observation arms. In the substudy, patients who had detectable ctDNA had decreased disease-free (HR, 3.12; 95% CI, 1.79-5.47; P < .0001) and distant metastasis-free (HR, 3.22; 95% CI, 1.80-5.79; P < .0001) intervals compared with those who had undetectable ctDNA. The 5-year OS rate for patients with detectable ctDNA was 33% (95% CI, 14%-55%) versus 65% (95% CI, 56%-72%) for those with undetectable ctDNA. With further clinical validation, the ability to risk stratify patients who have noninvasive blood tests could serve as a useful factor for determining which patients are in the greatest need of adjuvant therapy.
In addition, someday, ultraviolet (UV) radiation gene signatures of melanoma tumors may be able to help inform prognosis for patients. Melanoma genome sequencing has revealed a predominance of C-to-T nucleotide transitions at dipyrimidines, and this profile is also observed in UV radiation-exposed cells. 47 Furthermore, a unique mutation pattern prevalent in UV radiationassociated skin cancers, known as signature 7, has been identified. Investigators exploring The Cancer Genome Atlas evaluated tumors and clustered them according to signature 7 (n = 372) or nonsignature 7 (n = 47). 47 Within the signature 7 cohort, there was an increase in the number of single nucleotide variants (vs 57.1; P < .0001) and a higher proportion of C-to-T transitions at dipyrimidines (mean, 84.7% vs 29%; P < .0001). There was also a greater likelihood of mutations in 10 genes in signature 7-mutation tumors (LRP1B, ADGRV1, XIRP2, PKHD1L1, USH2A, DNAH9, PCDH15, DNAH10, TP53, and PCDHAC1). Compared with nonsignature 7 patients, signature 7 patients presented longer DFS (P = .0056) and better OS (P < .0001) independent of disease stage at diagnosis, including patients with stage I and II disease. These early data are promising for further development regarding risk stratification, and further research into these areas is ongoing.
CLINICAL TRIALS IN STAGE II DISEASE
With the successful completion of adjuvant therapy trials in stage III disease and the regulatory approval of pembrolizumab, nivolumab, and dabrafenib plus trametinib for this patient population, the focus has now shifted to patients with stage II disease. Multiple clinical trials are active or are in development. The largest active trial is Cancer March 15, 2020 KEYNOTE-716 (Safety and Efficacy of Pembrolizumab Compared to Placebo in Resected High-Risk Stage II Melanoma), a global, phase 3, randomized trial evaluating 1 year of pembrolizumab compared with placebo in stage IIB and IIC melanoma (AJCCv8). In that trial, approximately 954 patients will be enrolled and randomized at a 1:1 ratio to either 1 year (17 cycles) of pembrolizumab dosed every 3 weeks or 1 year of placebo dosed every 3 weeks. The primary endpoint is RFS. The study also includes a second stage, allowing for crossover from placebo or re-challenge of pembrolizumab. Many of the prognostic markers described above will be incorporated and analyzed as part of the trial, including pharmacokinetic analysis, pharmacodynamics analysis, RNA and genetic analysis, plasma and serum biomarker analysis, stool biomarker analysis, ctDNA, and tumor tissue analysis and molecular profiling. Additional large trials incorporating targeted therapy or immune checkpoint inhibitor therapy are anticipated to open in 2019.
CONCLUSION
The clinical landscape of melanoma oncology now includes powerful therapies through both immunotargeted and targeted therapies with advantageous risk/ benefit ratios. Simultaneously, a large and growing population of patients with earlier stage disease are facing an unacceptably high risk of recurrence and melanomaspecific mortality. Adjuvant therapy has been validated as a successful approach for the management of stage III melanoma and, because many more patients are diagnosed with stage I or II melanoma than stage III, the time to evaluate the role of these therapies in earlier stage melanoma has arrived. As the field evaluates these therapeutic options, there are new challenges facing researchers. Important research strategies going forward will be the validation and clinical implementation of risk-assessment tools; including pathologic, molecular, and genomic data, along with a determination of whether prognostic information is complementary when evaluated together in aggregate. Focusing finite health care resources on patients at the highest risk will enable optimal resource utilization and spare low-risk patients from the risks of treatment. These data will come from ongoing, large-scale, phase 3 clinical trials, such as the KEYNOTE-716 study, along with others in development, all of which will include extensive molecular, immune, and pathologic correlative studies. Careful attention to long-term effects and potential late effects on fertility will be necessary to fully understand the risk/benefit ratio in young, otherwise healthy patients. Despite these potential risks, however, adjuvant therapy in appropriate patients with stage II melanoma ultimately will save lives. We are finally in an era when we can properly evaluate adjuvant curative-intent strategies for patients with early stage melanoma.
